Within the framework of the dinuclear system model, the production of superheavy element Z=117 in possible projectile-target combinations is analyzed systematically. The calculated results show that the production cross sections are strongly dependent on the reaction systems. Optimal combinations, corresponding excitation energies and evaporation channels are proposed in this letter, such as the isotopes 248,249 Bk in 48 Ca induced reactions in 3n evaporation channels and the reactions 45 Sc + 246,248 Cm in 3n and 4n channels, and the system 51 V + 244 P u in 3n channel. : 25.70.Jj, 25.60.Pj The synthesis of superheavy elements has obtained much progress experimentally using cold fusion reactions with double magic nucleus 208 P b or nearly magic nucleus 209 Bi as targets and hot fusion reactions with double magic nucleus 48 Ca bombarding actinide nuclei in fusion-evaporation *
reaction mechanism. [1, 2] Especially in recent years, superheavy elements Z=113-116, 118 have been synthesized successfully in laboratories. [2, 3] Of course, further confirmations on these new elements have to been done. Various theoretical models have also been proposed to describe the formation of superheavy nucleus. [4, 5, 6, 7, 8, 9 ] Among these models, the dinuclear system (DNS) model can describe very well a series of available experimental data. [4, 8] We have further developed the DNS model by taking the diffusion process to be coupled with the relative motion, and by introducing barrier distribution function method in the capture of two colliding nuclei and in the fusion process. [10] The decay of the formed DNS (quasi-fission) and the fission of heavy fragment are also considered in the model. For all of reaction systems including cold fusion, 48 Ca induced reactions and other projectile-target combinations etc, we can use the same fixed parameters to reproduce experimental data.
In the DNS concept, the compound nucleus is formed by nucleon transfer from the light nucleus to the heavy one by overcoming the inner fusion barrier. The evaporation residue cross section can be written as a sum over all partial waves J at the centre-of-mass energy E c.m. ,
Here T (E c.m. , J) is the probability of two colliding nuclei overcoming the potential barrier in the entrance channel to form the DNS. P CN (E c.m. , J) is the probability that the system will evolve from a touching configuration into the formation of compound nucleus against quasi-fission of the DNS and fission of the heavy fragment. The last term is the survival probability of the formed compound nucleus, in which the fissile compound nucleus will decay by emitting γ rays, neutrons and charged particles etc. In the calculation we take the maximal angular momentum as J max = 30 since the fission barrier of the heavy nucleus disappears at very high spin. [11] The same as in the nucleon collectivization model, [6] the transmission probability is calculated by introducing a barrier distribution function, which can reproduce very well available experimental capture cross sections. [6, 10] The fusion probability is obtained by solving Master Equation numerically in the potential energy surface of the DNS. The time evolution of the distribution function P (A 1 , ε * 1 , t) for fragment 1 with mass number A 1 and local excitation energy ε * 1 is described by the following Master Equation,
Here
is the mean transition probability from the channel (
denotes the microscopic dimension corresponding to the macroscopic state (A 1 , ε * 1 ). The sum is related to W A 1 ,A ′ 1 and taken as A ′ 1 = A 1 ± 1 for one nucleon transfer. The local excitation energy ε * 1 with respect to fragment A 1 is related to the intrinsic excitation energy of the composite system and the driving potential of the DNS. The intrinsic excitation energy is provided by the kinetic energy of the relative motion, in which the barrier distribution of colliding system is introduced in the dissipation process. The motion of nucleons in the interacting potential is governed by the single-particle Hamiltonian.
[10] Quasi-fission rate Λ qf and fission rate (for heavy fragment) Λ f is are estimated with one dimensional Kramers formula. [12, 13] After reaching the interaction time in the evolution of P (A 1 , ε * 1 , t), the formation probability at Coulomb barrier B and angular momentum J is given by
where the interaction time τ int is obtained by deflection function method. [14] So we can obtain fusion probability as
For the barrier distribution function f (B), we take an asymmetric Gaussian form in the calculation.
The survival probability of the thermal compound nucleus is given by
where the E * CN , J are the excitation energy and spin of the compound nucleus, respectively. The realization probability P (E * CN , x, J), neutron evaporation width Γ n and fission width Γ f are calculated with the statistical evaporation theory. [10] The partial cross sections of the capture, fusion and evaporation residue are written respectively The reaction Q value is given by Q = ∆M P + ∆M T − ∆M C , and the corresponding mass defects are taken from Ref. [15] for projectile, target and compound nucleus, respectively. We can see that the dependence of the partial cross sections on angular momentum is quite different. At the considered excitation energies, higher angular momentum has larger contribution for capture partial cross section. However, the maximal positions of the fusion and evaporation residue partial cross sections begin to remove towards lower angular momentum since fusion probability and survival probability decrease rapidly with increasing angular momentum. In Fig.1 (d) we take a sum of the evaporation residue partial cross section over maximal angular momentum until J max = 30 in 2n-4n evaporation channels. Calculated results can reproduce experimental data except for the 4n evaporation channel which predicts too high excitation energy. It may be related to the incident energy loss in the target or to the calculated Q value. As a whole, the maximal values of the calculated σ ER are consistent with the experimental results. [16] With the same method as in Fig.1 (d neutrons, which is a sub-magic number. In the case the one neutron separation energy is larger, which leads to smaller survival probability, so as to smaller evaporation residue cross section.
Neutron-rich combinations will reduce neutron separation energy, but it does not guarantee the fusion probability to be larger. There exists the competition between P CN and W sur as a function of the neutron richness of the system. Pairing effect also affects the neutron evaporation width and the fission width. It may be good way to synthesize superheavy nucleus using radioactive nuclear beam in the future due to larger survival probability of formed compound nucleus.
Superheavy elements have been successfully synthesized using fusion-evaporation reaction in laboratories in the world. Usually double magic or nearly double magic nuclei are selected to synthesize superheavy nucleus because these combined systems have larger Q value, which can reduce excitation energy of compound nucleus so that fusion probability and survival probability and 4n evaporation channels than other systems since lower inner fusion barriers can increase the fusion probability, which are suitable to synthesize the new element. However, the target material 246,248 Cm are very difficult to be prepared. To prepare 244 P u is relatively easy, but one has to face the smaller production cross section of 0.6 pb. In Table 1 we list optimal excitation energies, maximal evaporation residue cross sections as well as transmission, fusion and survival probabilities at J = 0 in 1n-4n evaporation channels for all of the possible combinations to produce the element 117. in 2n-4n channels compared with experimental data (d) [16] . 
